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ABSTRACT 


Reversing rotary drive trensmisaion means for converting 
continuous rotation in one direction into rotation alternately in 
mutually opposite directions comprises a drive bevel gear (35) 
rotatable by a drive shaft and two driven bevel gears (51, 53) 
mounted on a driven shaft (49), the drive gear (35) having teeth 
on only a sector thereof so as to alternately drivingly engage the 
two driven gears (51, 53) as the drive shaft rotates. The gear 
teeth on the driven gears (51, 53) have the same tooth pitch and 
are offaet relative to each other by an arc length measured along 
the pitch circle which is not greater than one quarter of the 
tooth pitch. 
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The present invention relates to reversing rotary drive trans- 
mission means and has particular reference to a gear mechanism wherein 
continuous rotstion in one direction can be converted into rotation 
alternately in mutually opposite directions. 
5 Devices for converting unidirectional rotation into rotation 

alternately in mutually opposite directions are known in the prior 
art from, for example, Swiss patent specification No. 610 753 and 
corresponding U.S. patent specification No. 4 111 208 t which disclose 
different variations of mechanisms for converting the rotetionel move- 

10 ment of a motor of a drilling machine having a single rotational di- 
rection into rotational movement of a drill bit having alternating 
opposed rotational directions. In a first variant, there is provided 
a drive shaft with a crank, a slide and a driven shaft which is also 
provided with a crank. The rotational axes of the two shafts are 

15 aligned with one another and the slide is displaceable at right angles 
relative to these rotational axes. Each of the cranks has a crank pin 
which is eccentric relative to the shafts and which engages in a bore 
of a slide part. 

In a second variant there is also provided a drive shaft with a 
20 crank and a slide. The latter is provided with a toothed rock which 
meshes with a pinion seated on the driven shaft. 

In a third variant, the drive shaft is provided with a heed which 
has an annular groove extending along a plane which is inclined relative 
to the rotational axis of the drive ehaft. A slide, which is guided so 
25 as to be displaceeble parallel to the rotational axis of the drive shaft, 
has a pin engaging in an annular groove as well as a toothed rack which 
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meshes with a pinion attached to the driven shaft. 

The conversion of the movement is thus effected in ail of these 
variations by means of a slide which is displacsably guided along a 
straight path. Since forces which ere also directed tranavereely 
5 relative to the displacement direction of the slide act upon the 
slide, friction losses will increase and the necessity arises for 
relatively expensive guide means. 

Additionally, the slide and the guide means necessary for effect- 
ing guiding action result in a relatively large, heavy mechanism. Since 

10 such a mechanism is arranged on a hand drilling machine provided for 
surgical purposes, large dimensions and a heavy weight of such a mech- 
anism make the work of a surgeon utilizing the machine more difficult. 

At least in the first of the three variants discussed above, the 
driven shaft is, in each instance, rotated with bidirectional opposed 

15 motion about a rotational angle which, according to structural require 
-ments, must be smaller than 180°. This produces the disadvantage that 
special drill bits having three cutting edges must be utilized in place 
of the usual drill bit having two cutting edges. 

If a drilling machins is equipped with a mechanism that is con- 

20 structed in accordance with one of the three variants discussed above, 
and if the drive shaft of the mechanism is rotated at a constant speed, 
the driven shaft will effect opposed bidirectional rotation with the 
angular velocity increasing in a sinusoidal manner to a maximum vslue 
and then immediately gradually decreasing again. As a reeult of this 

25 speed characteristic, a disadvantage arises in that the drill cen be 
operated with a cutting speed which is appropriate for the material 
to be drilled only during short periods in its slternating rotational 
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movement* 

In Germen Utility Model No. 1 941 557 there ie discloeed a gear 
device for the conversion of unidirectional rotation of a drive shaft 
into reciprocating rotation of a driven shaft, wherein the two shafts 
5 as well as two intermediate shafts are rotatable about two axes paral- 
lel to each other* The drive shaft and the two intermediate shafts 
are each provided with a wheel having a toothed sector, and the toothed 
sector of the wheel on the drive shaft comes into engagement alter- 
nately with the toothed sectors of the other two wheels. The tooth- 

10 free sector of the wheel on each of the intermediate shafts is provided 
at one end with an edge radially projecting beyond the toothing. The 
two intermediate shafts also have fully toothed intermeshing gears and 
one of the intermediate shafts is further provided with an additional 
gear which engages in a toothed sector of the driven shaft. When the 

15 drive shaft is rotated during operation, the toothed sector of its 
wheel alternately engages at the aforesaid projecting edges of the 
wheels on the intermediate shafts and rotates these into a setting in 
which it can engage in the toothed sectors of the intermediate shaft 
wheels* 

20 It is not indicated in German Utility Rodel No. 1 941 557 exact- 

ly how the toothings of the toothed sectors of the wheels on the inter- 
mediate shafts are arranged relative to each other. However, it ie 
reasonable to infer that it would be provided that the teeth of both 
sectors should have the seme positions with respect to phase, i.e. that 

25 at least a part of the teeth would exactly overlap if the two toothed 

sectors were notionally axially projected one on the other. According 

to the drawing of the Utility Model, on revereal of rotational direction 
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the toothed sector of the drivs shaft wheel has a rotational setting 
in which it is completely out of engagement, i.e. does not engage in 
the toothed sectors of the wheels of either of the intermediate shafts. 
Thus, in this operational phase the intermediate shafts and thereby 
5 also the driven shaft can freely rotate at least in that direction in 
which the afore-mentioned projecting edge of the wheel, which should 
next come into engagement with the drive shaft wheel, moves on from 
the start of the toothed sector of the drive shaft wheel. However, it 
is then not defined how the toothings of the drive shaft wheel and the 

10 intermediate shaft wheels are disposed relative to eech other, so that 
there is a high probability that the device is blocked. 

In the German Utility (Hodel No. 1 941 557 the use of the gear 
device is not mentioned in detail. It can be surmised, however, that 
this device is provided for relatively slow-running control processes. 

15 This known device would certainly not be suitable for an operation in 

which strong counter rotational moments ar8 exerted on the driven shaft. 
If, for exemple the device were used for the driving of a drill bit, 
counter rotational movements could be exerted by the bit on the driven 
shaft. These would result, on reversal of the rotational direction, in 

20 small rotational movements of the intermediate shafts, which for the 
reasons explained in the preceding would lead to blocking of the gear 
device. 

However, the device described in the Utility Model would elso 
not be suitable for operation at relatively high speeds, for exsmple 
25 as is necessary for driving of a drill bit, because relatively many 
and large parts with substantial moments of inertia must be recipro- 
catingly rotated and because several rotational parts with a mass 
distribution deviating from a rotationally aymmetricel mass riistribu- 
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tion are present. 

The gear device of Utility Model No. 1 941 557 would further be 
unsuitable for the driving of a drill bit because its driven shaft 
executes reciprocating rotations having a rotational angle subetantial- 
5 ly smaller than 180° and because it occupies a relatively large space 
and is heavy. Moreover, the manufacture of this device is eleo 
relatively costly in view of the large number of required gears and 
toothed sectors, wherein costs are particularly increased by the fact 
that the tooth-free sector of the wheel on each of the intermediate 
10 shafts must have an edge projecting radially beyond the toothing and 
these wheels therefore cannot be constructed from commercially avail- 
able gears. 

united States patent specification No, 1 734 489 discloses 
a motor with two cylinders and pistons. Each piston is connected with 

15 a toothed rack engaging with a toothed sector of a wheel which also 
has two sectors with bevel toothings. A driven shaft carries two 
wheels with sectors having relatively offset bevel toothings, which 
shall alternately come into engagement with the bevel toothing of 
the first-mentioned wheel. This gear mechanism shall thus serve to 

20 convert reciprocating rotation - generated by the piston movements - 

of the first-mentioned wheel into unidirectional rotation of the driven 
shaft. 

This gear mechanism thus does not serve for conversion of uni- 
directional rotation into reciprocating rotation. That apart, the 
25 toothed sectors of the two bevel gears on the driven shaft are certain- 
ly offset relative to each other. However, as far as can be ascertained, 

the toothings of the two bevel gears would exectly overlap if such 
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toothings were notionally continued around the whole gear circum- 
ference and projected one on the other. It seems feasible that the 
gear mechanism could not function otherwise* However* on each reversal 
of the rotational direction of the drive wheel, there then results, 
5 analogously to that previously described for the gear device of 

German Utility Model No. 1 941 557, a transient, entirely unengaged 
state of the bevel gear toothings and accordingly a high probability 
that the mechanism is blocked on reversal of the rotational direction 
of the drive wheel rotated by the toothed racks. 

10 In German (Fed* Rep.) patent specification (Off enlegungsschrif t) 

No, 29 36 004 there are disclosed rack and pinion switching mechanisms 
which each have a pair cf gears for timed interengagement. The drive 
input gears have a toothed sector and a tooth-free sector, the radius 
of the tooth-free sector corresponding to the largest radius of the 

15 toothed sector* The drive output gears each have two circumferential 

positions at which teeth have been removed for the formation of recesses. 
These rack and pinion switching mechanisms apparently serve to convert 
unidirectional constant rotation of a drive shaft into intermittent, 
but still unidirectional, rotation of a driven shaft. These mecha- 

20 nisms thus do not make possible conversion of unidirectional rotation 
into reciprocating rotation. 

There is therefore a need for a gear mechanism which serves for 
conversion of rotation in one direction into rotation alternately in 
mutually oppoaite directions and which avoids the disadvantages of the 

25 prior art mechanisms. Such a mechanism should especially avoid the 

risk of blocking that is inherent in the mechanism of German Utility 

Model No. 1 941 557, perticularly when an element, such as a drill 
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bit, that exerts counter rotational moments on driven gears is to 
be driven. Moreover, the mechanism should preferably be capable of 
economic manufacture, and frictional losses, size and weight should 
be kept small, so the mechanism can be used uith, for example, a 
5 surgical hand drill. 

According to the present invention there is provided reversing 
rotary drive transmission means comprising two driven gears secure 
against relative rotation and a drive gear to drive the driven gears, 
either the drive gear or each of the driven gears being so provided 

10 with at least one tooth-free sector that on rotation of the drive gear 
in one direction the driven gears are alternately drivingly engaged 
by the drive gear for rotation alternately in mutually opposite 
directions, and thB driven gears having the same tooth pitch spacing 
snd being so displaced in phase relative to each other by an amount 

15 not exceeding one quarter of said spacing that the driven gear which 
at any one time is not drivingly engaged by the drive gear leads the 
other driven gear by that amount. 

In such a transmission means, a fully unengaged state can be 
avoided through the phase displacement, within the specified limits, 

20 of the two driven gears and especially phase displacement in such a 
manner that the driven gear momentarily not in engagement with the 
drive gear leads the other driven gear. Through this leading of one 
driven gear by the other, on reversal of their direction of rotation 
the leading driven gear which will now come into engagement with the 

25 drive gear can prevent a free rotation of the drive gear. By this 
means it can ba achieved that the driven gears can never be in a ro- 
tational setting in which the gear is blocked. 
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In a preferred embodiment of the invention, said amount of 
phase displacement is at least 5 percent, preferably 10 percent, 
more preferably 15 percent, of said spacing, and at most 23 percent, 
preferably 20 percent, of said spacing. 

The transmission means according to the invention may be com- 
bined with translating means arranged to translate said rotation of 
the driven gears alternately in said mutually opposite directions into 
reciprocating rectilinear movement. This combination may be utilized 
in spooling apparatus, which further comprises a strand feed element 
driven by the translating means for reciprocating rectilinear move- 
ment, and rotatable spooling means so arranged relative to the feed 
element thet a strand fed by the feed element to the spooling means 
during reciprocation of the former and rotation of the latter is spooled 
on the spooling means in alternately oppositely wound layers. 

Embodiments of the present invention will now be more particular 
-ly described by way of example with reference to the accompanying 
drawings, in which: 

Fig. 1 is a longitudinal sectional view of a gear transmission 


embodying the invention, which is attachable to a 


20 


drilling machine or hand drill; 


Fig. 


2 


is a partial plan view showing in greater detail 


25 


Fig. 


Fig. 


3 


2A 


one arrangement of gears in the gear mechanism; 

is a similar view showing another arrangement of gears 

in the gear mechanism; 

is a graph showing angular velocity of driven geare 
of the gear mechanism plotted against time, wherein 
the time periods for reversals in rotational direction 
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are exaggerated for the sake of clarity; 
Fig. 4 is a diagram showing the pitch circles of the driven 

gears and the phase displacement of these gears; 
Fig. 5 is an elevation of a hand drill having the gear 
5 raBchanisra of Fig, 1 operatively attached thereto; and 

Fig, 6 is an elevation of spooling apparatus incorporating a 

gear mechanism embodying the invention. 
Referring now to the drawings, and more particularly to Figs. 1 
and 2, there is shown a gear mechanism 1 operative to convert uni- 
10 directional rotation into rotation in alternating directions. The 
mechanism 1 includes a housing 3 which is generally rotationally 
symmetrical about its longitudinal axis and which is basically composed 
of a cylindrical part shown to the right in Fig. 1 and a conical part 
shown toward the left, the conical part reducing towards one end of 
15 the housing. 

The interior of the housing 3 is formed by a longitudinal open- 
ing 3a and a pair of mutually opposed radial openings 3b and 3c com- 
municating with the longitudinal opening. 

The longitudinal opening 3a is formed by means of a multiply 
20 stepped bore having a retaining ring 3 screw-fitted into the end 

section of the housing 3 rsmote from its conical portion. The retain- 
ing ring 5 has an external thread which detachably engages an internal 
thread formed in the housing 3. Additionally, the ring 5 is formed 
with fingers 5a which extend in the direction of the longitudinal 
25 exi8 of the housing 3 and which project away from the housing, the 
ring holding a ball bearing 7 inserted into the longitudinal opening 
3a. 
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A rotatable element 9 is provided with a shaft Journal 9a 
rotatably supported in the ball bearing 7 and with a bevel gear 9b. 
Furthermore, the element 9 is also provided at both ends with blind 
holes 9c and 9d, and a drive shaft 11 projocts at one end thereof 
5 into the hole 9c, said end of the drive shaft having a radial recess 
11a. The drive shaft 11 is connected with the element 9 at the shaft 
journal 9a by a pin 13 which extends through the recess 11a and which 
is inserted into appropriate openings formed in the shaft Journal 9a, 

A ring 15 is arranged on one end of the shaft journal 9a , which 
10 and projects out of the housing 3 and the retaining ring 5. The ring 
15 is clamped to the drive shaft 11 by a clamping screw 17 which ex- 
tends through a radial bore in the shaft journal 9a. The retaining 
ring 5 is sealed inwardly relative to the shaft journal 9b by a seal- 
ing ring 19. 

15 A closure screw 21 and a sealing ring 23 are inserted into an 

opening 3b formed in the housing 3. A round disc 25 is inserted 
and rigidly fastened, for example by a pressed fit, in fluid-tight 
engagement in th8 outermost part of the opening 3c of the housing 3. 
A bearing bolt 27 extending outwardly from the housing interior is 

20 rigidly fastened, for example, by a pressed fit, in the disc 25 so as 
to be in fluid-tight engagement therewith. The end of the bearing 
bolt 27 projecting into the interior of the housing 3 is formed with 
a head 27a and a ring 29 is arranged on the interior side of the disc 
25 with a sleeve 31 extending between the ring 29 and the head 27a of 

25 the bolt 27. The ring 29 and the sleeve 31 are composed of a self- 
lubricating material, for example with a metal basis, thereby en- 
abling good sliding movement for rotation of the sleeve 31 around the 
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bolt 27. 

Arranged on the sleeve 31 are bevel geare 33 and 35 which are 
rotatably fixed with one another by means of at least one pin 37 or 
the like, the bevel gears 33 and 35 being also rigidly fastened on the 
5 sleeve 31. The bevel gears 33 and 35 are rotatable about an axis 39 
and together they form a rotatable element generally designated by 
reference numeral 41, The rotating element 41 will hereinafter be 
referred to as a drive element* 

The bevel gear 33 meshes with the bevel gear 9b formed on the 
10 element 9. Ae will be seen from Fig # 2, the bevel gear 35 can have 
a toothed sector 35a which extends over only a part of the circum- 
ference of the bevel gear and a toothless sector 35b extending over 
the balance of the circumference, the toothed sector 35a extending 
over an angular range p. Of course, the toothless section 35b of 
15 the gear 35 extends over an angle of 360° - P. 

A bush 43 is inserted in the blind hole 9d and a bush 45 is 
inserted in a part of the longitudinal opening 3a located in the area 
of the conical portion of the housing 3. The two bushes 43 and 45 are, 
for example, more or less fixedly pressed in place and they ere com- 
20 posed of a self-lubricating material on a metal basis thereby enabling 
good eliding movement. 

A shaft A9 having an axis 47 is rotatably supported in the two 
bushes 43 and 45, the axis 47 also forming the longitudinal axis of 
the housing 3 and of the bevel gear 9b and extending at right angles 
25 to the axis 39 of the pin 27. 

Two bevel geare 51 and 53 are rotatably and axially fixed on the 

shaft 49 on axially opposite sides of the axis 39. The bevel gears 51 
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and 53 are detachably connected with the shaft 39 to be secure against 
rotation and axial displacement relative thereto. The gears 51 and 
53 can be, for example, pressed on or possibly keyed to the shaft and 
the bevel gear 51 may be axially affixed relative to the shaft 49 by 
5 engagement between a shoulder formed on the shaft and the bush 43 and 
the bevel gear 53 by engagement between another shoulder on the shaft 
49 and other auxiliary means. 

Together with the bevel gears 51 and 53, the shaft 49 forms a 
rotatable element 55 which is the driven element of the mechanism 

10 and which will hereinafter be referred to as such. The two bevel 
gears 51 and 53 will henceforth be referred to as the driven bevel 
gears or driven gears and are formed with a toothed crown or gear ring 
extending over the entire periphery thereof, the gears 51 and 53 being 
arranged on opposite sides of the axis 39 in such a manner that during 

15 rotation the bevel gear 35 alternately achieves driving engagement 

with the bevel gears 51 and 53 in a manner to be described more fully 
hereinafter. 

The longitudinal opening 3a is provided with an annular groove 
at the conical end of the housing 3 into which there is inserted 'a 

20 sealing ring 57 which seals the interior of the housing at the left- 
hand end of the shaft 49. A rubber collar 59 is arranged on the shaft 
49 between the bush 45 and the bevel gear 53. The shaft 49 has a 
cylindrical blind hole 49a at the end thereof which projects out of 
the housing 3 and in the region of the collar 59 there is provided 

25 a radial hole with an entraining member 61 which projects into the blind 

hole 49a in order to enable a tool or other device to be held in 

operating position therein. In the area of the collar 59, the shaft 49 
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is provided with three other radial holes distributed uniformly over 
its circumference, with detent bodies 63, for example balls, being 
arranged in these holes, the detent bodies being resiliently pressed 
partially into the hole 49a by means of the collar 59. In addition, 
5 the collar 59 seals the hole containing the member 61 and the holBe 
containing the bodies 63 and accordingly the hole 49a ie also sealed 
against the interior of the housing . 

In operation of the mechanism depicted in Figs. 1 and 2, the 
element 9 is driven in one rotational direction about the axis 47 

10 and at, for example, a constant rotational speed* 

The bevel gear 9b transmits the rotational movement of the 
element 9 to the bevel gear 33 and thereby also to the bevel gear 35 
which, as previously described, is formed with a toothless sector 35b. 
The element 41 thus carries out rotational movement in only one direc- 

15 tion, that ie in the rotational direction designated by the arrow 65 
in Tig. 2. Since the toothed sector 35a of the bevel gear 35 alter- 
nately engages the two bevel gears 51 and 53, the rotating element 55 
formed by the shaft 49 and the bevel gears 51, 53 alternatsly rotates 
in different rotational directions* 

20 In Fig. 3 the angular velocity w of the element 55 is plotted 

against time t. The rectangular line 67 in the graph of Fig. 3 shows 
somewhat schematically the angular velocity u of the driven element 
55 in the case where the drive element 41 is driven at a constant 
angular velocity. A positive value of angular velocity of the element 

25 55 occurs when the toothed sector 35a of the bevel gear 35 engages 

with the bevel gear 51. A negative value of angular velocity occurs 

when the toothed sector of the gear 35 engages the bevBl gear 53. Of 
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course, it will be apparent that positive and negative values are 
arbitrarily selected. 

It is assumed that the driven element 55 changes its rotational 
direction precisely at the point in time t a 0 and is stetionary for 
5 a very short period of time, after which the toothed sector 35e of 
the bevel geer 35 engages the bevel gear 51. The angular velocity 
of the driven element 55 then increases ebruptly to its positive 
maximum value end retains this velocity during a time period interval 
Tj^ When the toothed sector 35a of the bevel gear 35 is disengaged 

10 from the bevel gear 51, the angular velocity of the driven element 55 
abruptly decreases to 0 and retains this stationary condition for a 
time period T 2# When the teeth of the toothed sector 35a engege with 
the teeth of the bevel gear 53, the angular velocity abruptly achieves 
it maximum negative value and reteins this valuB during a time period 

15 interval T^. Subsequently, the driven element 55 is again stationary 
for a period of time T^ f after which a new cycle begins* The time 
period of a full revolution of the bevel gear 35 and a full period of 
the driven element 55 is designated by T. 

The reversing gear mechanism 1 thus makes it possible to convert 

20 the unidirectional rotation of the drive element 41 into reversing 
rotation of the driven element 55. This action occure in such a 
manner thet the relationship between the angular velocities of the 
drive and driven elements 41 end 55 is practically constant during 
the entire backward and forward rotation of the element 55, The time 

25 period T^ is equal to the time period T 3 and the time period T 2 is 
equal to time period T^, the period T 2 and T^ being represented with 
exaggerated magnitudes for the sake of clarity in the greph of fig. 3. 
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At a constant angular velocity of the element 41, each time period 

and constitutes at least 48 percent, and preferably approximate- 
ly 49 percent, of the total time T with the reversal time periods T 2 
and T 4 each being approximately 1 percent of the total period T. 
5 In order that the operational behaviour described above may be 

achieved and so that the reversing gear mechenism will operate proper- 
ly, the bevel gears 35, 51 and 53 must fulfill certain specific con- 
ditions* 

First, it is advisable that the teeth of the bevel geer 35 
10 engage the tBeth of the bevel gears 51 and 53 with only a small amount 
of play. 

In addition, let it be assumed that z 35 denotes the full, even 

number of gear teeth which the bevel gear 35 would have if the gear 

teeth were to extend over its sntire circumference* Let the actual 

15 number of teeth provided in the sector 35a be designated by z and be 
viully or eventually uneven/ 

eATSven /number. I he pitch of the bevel geer 35 and of the bevel gears 
51 and 53 is designated t Q . This represents the arc of the pitch 
circle which is between two right or left flanks of adjacent teeth. 
The term "engagement factor" or "overlapping degree" is designated 

20 £ and this factor is intended to mean the number of teeth of the 

gear 35 which in each instance engege with one of the goers 51 end 53. 
The value of the engagement factor £ rounded off to the next whole 
numbsr is designated es E. The engagement factor e is usually equal 
at least to 1.3 and for the reversing gear mechanism it is preferred 

25 if this factor is at leeet 1.5 but less than 2. 

Thus, the number of teeth in the sector 35a is given by the 

following equation, in which £ preferably has the value 2s 
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The two bevel gears 51 and 53, or more precisely their toothings, 
are substantially identical and have the same pitch circle, the same 
inner and outer diameters and the same number of teeth, this number 
5 of teeth being even or odd. The bevel gears 51 and 53 are arranged 

on the shaft 49 in such a way that their teeth are somewhat rotational- 
ly offset relative to one another when one gear is projected on the 
other in a direction parallel to the axis 47 or when they are notional- 
ly overlapped by means of non-rotating axial displacement. This ro- 

10 tational offset which is also indicated in Fig. 2 is explained in 
greeter detail with reference to Fig. 4. In Fig. 4 there are shown 
the axes 39 and 47, a pitch circle 75 of the bevel gear 35, a pitch 
circle 81 of the bevel gear 51 and a pitch circle 83 of the bevel 
gear 53 with the centres of the pitch circles also being shown. More- 

15 over, a position or point 85 and 87 is marked respectively on eech of 
the two pitch circles 81 and 83. These points or positions designate 
mutually corresponding locations of a pair of teeth on the opposed 
gears, which locations are on the pitch circles, for example pointe 
of intersection of the tooth centre lines with the pitch circles. 

20 Moreover, if straight lines 89 and 91 are drawn parallel to the axis 
47 it will be noted that these lines will lie in different planes 
extending through the axis 47 end that they intersect the two pitch 
circles 81 and 83. The line 89 extends through the position 85 on 
the pitch circle 81 and the line 91 extends through ths position 87 

25 on the pitch circle 83. The two straight lines 89 snd 91 thus re- 
present projections of the positions 85 and 87, the position 85 being 
projected onto the pitch circle 83 end the position 87 being projected 
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onto the pitch circle 81. It will be noted from Fig. 4 thet the two 
positions 85 end 87 ere angularly offset relative to each other by a 
distance repreeented by an arc a measured on the pitch circle 81 or 
B3 end by a central angle a measured in the centres of the two pitch 
5 circles 81 and 83 respectively! which angle will also be designated 
as a phase angle in the following description. The arc a thus 
represents an amount of phase displacement of the gears 51 and 53 
relative to each other. 

In Fig. 4 there ie shown a further line 93 which connecte the 

10 two positions 85 and 87 and which extends along a notional cylindri- 
cal surface containing the two pitch circles and thereby has the form 
of a part of a helix. The line 93 extends in the manner of a right- 
handed thread. The bevel gear 35 rotates during operation in the 
direction of the arrow 65, which taken in a viewing direction seen 

IS from the intersecting point of the axes 39 and 47 t corresponds to a 
clockwise rotational movement, moreover, whan viewing the bevel geer 
53 from the aforementioned intersection point, the position 87 is off- 
set, i.e. rotated about the axis 47, counterclockwise by the arc a 
relative to the position 85. When viewing the bevel gear 51 from 

20 the intersecting point, the position 85 of the bevel gear 51 is 

accordingly offset in a counterclockwise direction through the arc a 
relative to the projection of the position 87. 

It should be noted here that the gear 35 can also be rotated in 
the opposite direction whereby the bevel gears 51 and 53 would then 

25 bo offset relative to one another in such a manner that the line 
corresponding to the line 93 would extend in the manner of a left- 
handed thread. 
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In operation, the toothing of that bevel gear 51 or 53 which 
momentarily is not engaged with the driving gear wheel 35 is, in 
each instance, displaced forwardly in accordance with the phase 
angle, i.e. leading in the instantaneous running direction by the arc a 
relative to the other bevel gear 51 or 53, respectively. The length 
of the arc a is at most equal to t Q /4 or preferably smaller than t Q /4. 
The length of the arc a is therefore between the values 0 and t Q /4 
whereby the latter value itself can eventually also belong to the 
interval so that the following equation applies: 

°< 1*1 < V 4 < 2 >- 

The arc a may be at least 5 percent, preferably at least 10 per- 
cent and more preferably at least 15 percent, of th8 tooth pitch t Q end 
it may be, for example, at most 23 percent, preferably at most 20 
percent, of the pitch t Q . 

When the reversing gear mechanism is constructed in the manner 
described above, particularly if the requirements expressed in the 
formulae (l) and (2) are fulfilled, and if the bevel gears 35, 51 
and 53 have a normal tooth flank play, the driven element 55 cannot 
freely rotate by itself in any rotational position of the drive element 
41* The bevel gears 35, 51 and 53 can then also never achieve a 
rotational position relative to one another where the mechanism is 
blocked, i. e. is jammed. Naturally, the result of the tooth dis- 
placement or offset is that the drive element 41 can be driven only 
in one rotational direction* Should a drive in the reverse direction 
be desired, the relative positions of the driven gears must be adjused. 

As already mentioned, the two bevel gears 51 and 53 have the 

same number of teeth z &1 &3 . The amount or absolute value of the 

positive or negative rotational angle 4 through which the driven 

element 55 is alternately moved is given by means of the following 
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equation, where o° is the rotational angle measured in degrees! 

- «° V'SI.SS (3). 

The gear mechanism 1 may be utilized for driving a twist or 
spiral drill bit, for example, and it may be detachably connected to 
a drilling machine or hand drill* In fig. S there is shown a drilling 
device which comprises e hand drill 101 provided for use in bone sur- 
gery with a housing 103, a compressed air connection 105, o compressed 
air motor and at least one manually movable actuation mechanism 107 • 
With the latter, the motor may be energized and da-energized and the 
number of motor revolutions may preferably be changed in a continuous 
manner* The drive ehaft 11 shown in Tig. 1 may be formed by means of 
the shaft of the hand drill 101, which shaft may also be used for hold- 
ing a detachable drill chuck* Moreover, the fingers 5a are constructed 
so that they engage in recesses of the drill housing 103 and can there- 
by connect, in relatively fixed rotative engagement, the houeing 3 
with the housing 103 of the hand drill 101. 

A twist drill bit 111 having a cutting part with two cutting 
edges at the forward end thereof and having a shaft which can be 
inserted into the hole 49a so as to be detachably connected with the 
shaft 49 is shown in fig* 5* In order to achieve detachable connec- 
tion, the generally cylindrical drill shank is provided with an annular 
groove in the region of its end in which the three detent bodies 63 
can engage* Additionally, the drill shank may have a flattened 
portion at which the entraining member 61 may engage thereby connect 
-ing the shaft 49 with the drill bit 111 in mutually rotating engage- 
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Each of the cutting edges is rotated alternately in opposed 
directions through a sector having central angle equal to the rota- 
tional angle The rotational angle should therefore be at least 
equel to or preferably larger than 180° so that the two sectors Just 
5 mentioned will overlap. On the other hand it is advisable for dril- 
ling that the rotational angle <t> be et most 360° and preferably less 
than 360°. Ths rotational angle <t> can, for example, be within the 
range between 200° and 300° . 

The desired operation parameters of the invention may be accom- 
10 plished in accordsnce with formula (3) by determining the correspond- 
ing number of teeth for the geers 35, 51 and 53. For example, if z 3g 
a 24 teeth, z fi » 10 teeth and z 51 53 = 16 teeth, then the angle 0 would 

be approximately 150° and the rotational angle $ would be approximate- 
o 

ly 270 • The engagement factor € may have a magnitude of, for example, 

15 1.63 so that E = 2. The arc a may then be about 0.18 t Q . 

The parts rotating backwards and forward in operation, namely 

at least the driven element 55 and the drill bit 111 held by this, 

have only e relatively small mass and also only a small momsnt of 

inertia. In the case of the bevel gear 35 in essence only the teeth 

20 are directly removed in the tooth-free sector 35b, while the inner 

part of the gear is still present in this sector. However, the mass 

distribution of the gear 35 thereby departs only rslatively elightly 

from a rotationally symmetrical distribution and the remaining parts 

rotating on operation are virtually completely rotationally symmetri- 

25 cal. It is therefore readily possible to use the gear mechanism for 

conversion of relatively high-speed rotational movement, which results 

in a favourable cutting speed of the drill bit 111. The drive element 
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41 with the gear 35 can be, for example, rotated at a speed, accord* 
ing to the drill bit diameter, which is at leaet about 250, prefer- 
ably about 400, r.p.rn. and at most 750 r.p.m., whereby the gears 51 
and 53 and drill bit connected thereto perforin the same number of 
revolutions in both directions , 

During drilling of a hole, the angular velocity of the drill 
bit 111 will be the same as the angular velocity <o of driven element 
55 and it will thus be maintained constant during the periods t^ and 
ty This makes it possible to adjust the r.p.m. of the drill in 
such s way that in each instance it will have a favourable cutting 
speed during the entire rotational movement during which cutting 
occurs, 

When a hole is drilled in a bone during a surgical procedure, 
it may occur that after drilling through the bone, the drill may enter 
soft tissue and tear such tissue loose when the drill tip exits from 
the bone. The backward and forward rotations of the drill bit 111 
prevent winding about the drill and consequent tearing of soft 
tissue parts. 

Since the movable parts of the mechanism 1 necessary for con- 
verting rotational movement are all rotatably supported and formed by 
means of shafts and toothed gears, the efficiency of power tranamisaion 
in the conversion is quite favourable, Moreover, the mechanism 1 may 
be constructed so as to be small and light relative to its output 
performance so that the work of the surgeon during the use of the 
drilling device shown in Fig. 5 will not be impeded. The bevel gear 
35, 51 and 53 can be so dimeneioned that their largest external dia- 
meter is at most 25 millimetres . If, for example, the modulus is 
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0.75 millimetres and the tooth numbers have the aforesaid values, 
this results in a pitch circle diameter of 18 millimetres for the 
gear 35 and 12 millimetres for each of the gears 51 and 53. The 
external diameter of the gear 35 can then be 19.5 millimetres and 
5 that of each of the gears 51 and 53 13.5 millimetres, Moreover, 
the modulus and tooth number can naturally be varied, although the 
tooth number z^ in the case of a gear mechanism to be mounted on 
a hand drill is preferably at most about 36. Since all the bearings 
and gears are houssd in the interior of the housing 3 which is sealed 

10 and closed off from its surroundings, the mechanism can also be 
sterilized and be kept sterile with little expense* If necessary, 
the interior of the housing 1 may be made accessible by removing 
the sealing or closure screw 21 . 

Another application of the mechanism of the invention is depicted 

15 in Fig. 6 which shows a spool winding device provided with a frame 
and with means for detachably supporting a rotatable spool or bobbin 
151, which is mounted on a shaft 155 rotatably supported at one end 
by a bearing 153 and driven by a drive mechanism 157 comprising, for 
example, an electric motor. A mechanism 161 having a housing fastened 

20 to the frame of the winding device includes a reversing gear mechaniem 
for converting unidirectional rotation into bidirectional alternating 
rotation. The reversing gear mechanism has three bevel gears 
corresponding to the bevel gears 35, 51 and 53, with the bevel gear 
corresponding to the gear 35 being arranged on a drive shaft 163. 

25 The drive shaft 163 is connected with the drive mechanism 157 by means 

of a gear unit 165 through replaceable toothed gear wheels. The driven 

shaft 167 of the mechanism 161 is operatively connected with a wheel 
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171 through a gear unit 169 which may be, for example, a epur gear or 
a worm gear. The wheel 171 is rotatably supported about an axis 
which extende perpendicularly to the rotational axi9 of the 9pool 151« 
The wheel 171 is drivingly coupled to another rotatable whsel 173 
5 by way of a belt 175 extending parallel to the axis of rotation of the 
spool 151. A guide mechanism 177 is fastened to the belt 175 and 
serves to guide a flexible element 179 which is to be wound about 
the spool 151 • The flexible element may be, for example, an insulated 
electrical wire. 

10 When a wire or similar strand of material is wound on the spool 

151 during operation of the winding device, the drive mechanism 157 
rotates the shaft 155 carrying the spool 151 as well as the driving 
shaft 163 of the mechanism 161. The drive shaft 163 is rotated with 
e unidirectional rotational motion and it may be rotated at a constant 

15 or variable speed. The driven shaft 167 of the mechanism 161 then 
will be driven with an alternating bidirectional rotational movement 
so that the belt 175 of the guiding mechanism 177 will be moved in a 
reciprocating fashion indicated by the arrow 181 in directions parallel 
to the rotational axis of the spool. The displecement speed of the 

20 guiding mechanism is determined in such a manner thet the windings 
of the element 179 will lie adjacent one another without inter- 
vening spaces in each layer of the coil that is formed. Furthermore, 
the displacing distance of the guiding mechanism 177 is equivalent to 
the length of the spool so that in each instance the guide means 

25 changes direction after winding of a single layer on the spool* It 
is of significant advantage that the guide mechanism 177 changes 
direction very quickly as indicated from Fig. 3 and will accordingly 
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practically always produce the same winding characteristics during 
each backward and forward movement. 

The mechenisms 1 and 161 can be manufactured at relatively low 
cost. In this connection it is of particular significance that bevel 
5 gears of usual construction can be used for the mecheniem and for the 
formation of the tooth-free sector in the case of the drive bevel gear 
it is only necessary to effect a corresponding tooth removal by milling 
or by other means before or after manufacture of the toothing » 

The mechanieme 1 and 161 for converting the rotational move- 

10 ment may be modified in various respects. For example, the two 

bevel gears 51 and 53 can be formed together with the shaft 49 as a 
unitary body, moreover, the bevel gear 35 may have another uneven 
number of toothed and tooth-free sectors, for exemple three uniformly 
distributed sectors with teeth thereon and three toothless sectors 

15 therebetween, in place of the two sectors 35a and 35b. Then, instead 
of formula (l) applying, the following more general formula would 
apply • 

2 s * <*35 /2n > - E < 4 > 
wherein n designates the number of toothed sectors of the gear wheel 

20 35. The remaining symbols have the same meaning as in formula (l), 

with E again preferably being 2. Furtheron, z^ must of course be 

divisible by 2n so that z is a full, even or uneven number, 

9 

As previously indicated in accordance with the preferred embodi- 
ments, n is an odd integer, preferably equal to 1 or 3. In an embodi- 
25 ment shown in Fig # 2A wherein n a 3, there is provided a gear wheel 

35 1 having three toothed sectors 35a' and three toothlees sectore 35b 1 . 
The sectors 35a 1 each extend over an angle p» which is, for instance, 
30° and the toothless sectors 35b' each extend over an angular 
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distance of, for instance, 90°. 

In this embodiment, z =3 2 so that each toothed sector 35a 1 

8 

has two teeth. The driven gears 51, 53 are each provided with sixteen 
teeth, However, gears with more teeth could also be provided. 
5 Moreover, the drive gear can have a full toothing and each driven 

gearet least one tooth-free sector. The toothed sectors of the driven 
gears would then be offset opposite to each other, so as to be alter- 
nately engaged by the drive gear . If the sectorial toothings of the 
driven gears are notionally supplemented to provide full toothings, 

10 thess notionsl additional teeth would be similarly oppositely offset 
or rotated, as can be explained for the gears 51 end 53 on the baels 
of Fig, 4, Instead of the variant with sectorielly toothed driven 
wheels of which the sectorial toothings are to be notionally supple- 
mented to complete toothings, there can also be considered the off- 

15 setting of two desired mutually corresponding toothing positions, 

for example tooth centre lines of two desired teeth, of the two driven 
gears. If these toothing positions are offset by an arc b measured 
on the notionally superimposed pitch circles of the driven gears, 
this arc should differ from the pitch t Q by an integral multiple and 

20 should be greater or smaller by an arc a than the integral multiple 
of t Q that is most similar in magnitude, wherein a lies in the 
magnitude range defined by the formula (2). In other words, a is 
the same as the difference between b and that integrel multiple of 
t Q from which b differs the lesst. 

25 Further, in the case of the gear mechanism 1 there can be 

provided an externally manually adjustable adjusting element end a 
sleeve slidable with the adjusting element along the collar 59, the 
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sleeve serving to selectably block or release the detent bodies 63 in 
the state engaging in the drill bit shank. With such a variant the 
drill bit engagement can be selectably blocked or released by rotation 
of the adjusting and locking element. 
5 In the case of the gear mechanism 1, the fastening means 

serving for fastening to a drilling machine can be modified according 
to the construction of the particular machine. For example, the 
fingers 5a of the holding ring 5 can be replaced by a clamping sleeve 
able to be firmly clamped to the machine housing, in which case the 

10 clamping screw 17 can be omitted and the clamping connection between 
the rotatable element 9 and the drilling machine shaft can be replaced 
by a pure plug connection. 

Moreover, the pressed-in disc 25 can be replaced by a disc which 
is releasably fastened in place and sealed off by a sealing ring, in 

15 which case the opening 3b of the housing, tha screw 21 serving for 
the closure thereof, and the sealing ring can be omitted. 
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The embodiments of the invention in which an exclusive property or 
privilege is claimed are defined ss follows: 

1, Reversing rotary drive transmission means comprising two driven 
gears secure against relative rotation and a drive gear to drive the 
driven gears, either the drive gear or each of the driven gears being 

so provided with at least one tooth-free sector that on rotation of the 
5 drive gear in one direction the driven gears are alternately drivingly 
engaged by the drive gear for rotation alternately in mutually opposite 
directions, and the driven gears having the same tooth pitch spacing 
and being so displeced in phase relative to each other by an amount not 
exceeding one quarter of said spacing that the driven gear which at 
10 any one time is not drivingly engaged by the drive gear leads the other 
driven gear by that amount, 

2, Transmission means as claimed in claim 1, wherein the driven 
gears have the same number of teeth and same pitch circle diameter, 
and the number of tooth-free sectors provided on the drive gear or 

15 each driven gear is an odd number. 

3, Transmission means as claimed in claim 2, wherein the odd 
number is at most three, 

4, Transmission means as claimed in any one of claims 1 to 3, 
wherein either the drive gear or each driven gear is provided with 

20 only one such tooth-free sector and with only one toothed sector, 

5, Transmission means as claimed in any one of claims 1 to 3, 
wherein the drive geer is provided with at least one tooth-free 
sector and the toothing of each of the driven gears is continuous. 

6, Transmission means as claimad in any one of claims 1 to 3, 

25 wherein the actual number of teeth in the or each toothed sector of 

• the or each gear provided with said at least one tooth-fres sector 
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is equal to r-^ - E, wherein Z OR is the number of teeth 

2n 35 
in a given notional full complement of teeth for that 


and E is the number, rounded off to the next higher 
whole number, of teeth of that gear which are simul- 
taneously engaged for transmission of drive thereto or 
therefrom, 

7. Transmission means as claimed in any one of 
claims 1 to 3, wherein said amount of phase displacement 
is at least five percent of said spacing. 

8. Transmission means as claimed in any one of 
claims 1 to 3, wherein said amount of phase displacement 
is at least 10 percent of said spacing, 

9. Transmission means as claimed in any one of 
claims 1 to 3, wherein said amount of phase displacement 
is at least 15 percent of said spacing. 

10. Transmission means as claimed in any one of 
claims 1 to 3, wherein said amount of phase displacement 
is at roost 23 percent of said spacing. 

11. Transmission means as claimed in any one of 
claims 1 to 3, wherein said amount of phase displacement 
is at most 20 percent of said spacing. 

12. Transmission means as claimed in any one of 
claims 1 to 3, wherein the drive gear is provided with 
at least one tooth-free sector, and the number of teeth 
in a notional full complement of teeth for the drive 
gear is an even number. 


gear, .n'is the number of toothed sectors of that gear 
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13. Transmission means as claimed in any one of 
claims 1 to 3, wherein each of the driven gears is 
provided with at least one tooth-free sector and the 
drive gear has an even number of teeth. 

14. Transmission means as claimed in any one of 
claims 1 to 3, 
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wherein the drive geer is provided with et least one tooth-free sector 
and the or each toothed sector of the drive gear has an even number 
of teeth, 

15. Transmission means as claimed in claim 1, wherein the geare 
S are bevel gears and the driven gears are mounted on a rotational drive 

shaft to be secure against relative rotation and are displaced in 
phase relative to eech other by said amount about ths rotational axis 
of the shaft, 

16. Transmission means ae claimed in claim 15 9 wherein the 
10 driven shaft is provided at one side of the two driven gears with 

fastBning means for detachable fastening to the shaft of a drill bit 
and the transmission means further comprises a fourth bevel gear 
arranged co-axially with the drive gear for rotation therewith, and 
a fifth bevel gear disposed et the other side of the two driven gears 
15 and drivably engaging the fourth bevel gear, the fifth bevel gear 
being rotatsble about the same axie as the driven shaft and being 
releasably and drivingly couplable with a drive shaft of a prime 
mover. 

17. Trensmission means as claimed in claim 1, wherein the 
20 teeth of the drive and drive gears are so arranged that each of 

the driven gears is driven by the drive gear when engaged therewith 
through a rotational angle of at least 180°. 

IB. Transmission means as claimed in claim 17, wherein the 
rotational angle is in the range of 200° to 300°. 
25 19. Transmission means as claimed in any one of claims 1 to 

3, wherein each of the drive and driven gears has an outer diameter 
of at most 25 millimetres end has at most 36 teeth. 

2/ 
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20. Transmission means as claimed in claim 1, wherein said 
amount of phase displacement is greater than zero and smaller than 
one quarter of said spacing. 

21. Transmission means as claimed in claim 1 in combination 
5 with translating means arranged to translate said rotation of the 

driven gears alternately in said mutually opposite directions into 
reciprocating rectilinear movement. 

22. Spooling apparatus comprising the combination of trans- 
mission means and translating means claimed in claim 2l t a atrand 

10 feed element driven by the translating means for reciprocating 
rectilinear movement, and rotatable spooling means so arranged 
relative to the feed element that a strand fed by the feed element 
to the spooling means during reciprocation of the former and 
rotation of the latter is spooled on the spooling means in 

15 alternately oppositely wound layers. 
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